ABSTRACT
Introduction
The increases of cultivated area and fruits productivity in different Brazilians climate regions are dependent of modernization and improvements in rural property management and production factors, such as deployment of efficient production systems and enabling ideal physiological conditions for plant development, with the adoption of technologies with low environmental impact, that provide product quality and safety to comply with the national market requirements and phytosanitary barriers for importers [1] [2] [3] .
The commercial Brazilian mango is grounded in a few American cultivars. The Tommy Atkins cultivar occupies approximately 80% of the planted area and it provides a narrowing genetic and a productivity decrease due to entomological problems and/or phytopathological [4, 5] . The mango cultivars that have greater acceptance by the Brazilians consumers are from the subtropical climate region and it behaves differently when grown in tropical conditions. The genetic heritage of several species has become increasingly used with the agribusiness expansion which caused extensive phenoltypic changes to comply with the main sponsors needs of the production chain: producers, distributors and consumers.
In this context, the producers seek varieties with higher productivity, yield stability, easy handling in cultivation, adapted to adverse climate conditions where it will be developed. The distributors need varieties with greater resistance to handling and transport, while consumers seek the best quality fruits, with emphasis on the color and flavor [6, 7] .
Materials and Methods
The study was conducted from August 2007 to January 2010 in São Manuel Experimental Farm, Faculty of Agricultural Sciences (FCA), UNESP, São Manuel, São Paulo state, located at 22˚44'S, 48˚34'W and altitude of 740 meters. The soil is classified as Red Yellow Latosol [16] . The climate is classified as Cfa, it is characterized as warm temperate (mesothermal), with rains in the summer and dry in the winter, with annual average of air temperature and precipitation about 21˚C and 1530 mm [17] . The air temperature and rainfall variation during the study period (Figure 1) [18] for the culture, and the soil samplings were evaluated annually to verify the needs of fertilizer and soil correction.
The experimental design was randomized blocks with 10 plants per experimental cultivar (Tommy Atkins, Bourbon, Haden, Palmer and Parwin) (Figure 2) . The characteristics of vegetative development were assessed 
Results and Discussion
The mango trees grown in more than 100 countries distributed in tropical or subtropical latitudes that provides weather conditions for the occurrence of vegetative flows between autumn and summer, as rising temperatures allow higher rates of cell division and a good enzyme functioning that increase dry matter and new organs [19] .
It is noted that the low temperatures occurring in the third cycle (Figure 1) between the 39th and 45th month after transplanting (MAT) and it delayed the increases in plant height for Parwin, Tommy Atkins, Palmer and Bourbon cultivars when compared to previous cycles. According to Chacko [20] , the optimum temperature for mango trees vegetative growth is located between 20 and 29˚C, and when it is below 15˚C this stimulate intense flowering.
According Davenport & Núnez-Elisea [8] the growth of mango trees is ephemeral in tropical conditions, with periodic initiation of vegetative or reproductive shoots occurs from resting buds of terminal stems in several flushes per year. Generally vegetatively induced flushes of growth occur during warm spring, summer, and early fall months [21, 22] . In subtropics, the ambient temperature is the primary regulator of vegetative or reproductive induction at the time of shoot initiation. The cold and dry periods are essential to the mango trees flowering and wet periods favor vegetative flows emissions [14, [23] [24] [25] .
It is observed in Figure 3 that regardless of the season, there was a continuous increase in plant height in the four evaluated cycles. The Haden cv. had an average height of 3.96 ± 0.24 m, while the others cultivars maintained growth rates similar in height, incorporating in this period 2.95 ± 0.14, 3.37 ± 0.12, 2.85 ± 0.30 and 2.52 ± 0.30 m for Bourbon, Tommy Atkins, Palmer and Parwin respectively. With the Haden exception, trends stabilization was observed in the growth between May and September. The Haden cultivar showed a strong apical dominance, it can be considered high to four years old tree and this fact limits the harvest.
The relative growth rate of the plant may indicate the system's ability to synthesize plant assimilatory (source) and allocate the organic matter in various organs (drains) that rely on photosynthesis, respiration and transport of photoassimilates that allow differentiation of organs, over a period of time, influenced by biotic and abiotic stresses to the plant [26] . Note that there is similarity of relative growth rates of cultivar Parwin when compared with the other, with two peaks of higher growth in each production cycle (Figure 4) . The reduction in GRG was due to the decrease in rainfall and air temperature.
According Ramos et al. [27] the rootstock "Sword" or "Common" provides to canopy mango trees a vigorous growth that hinders the culture treatment and harvesting, in addition to increasing losses in post-harvest. These authors observed for "Tommy Atkins" and "Haden" with 6.5-year-old plants that they had 3.81 and 3.77 m in height at Brasília (DF) weather conditions.
Regarding to the trunk diameter, there was an increase of 10.82, 15.02, 13.62, 11.14 and 10.45 cm for Bourbon, Haden, Tommy Atkins, Palmer and Parwin, with average values after 59 MAT 14.22 ± 1.14, 20.33 ± 1.37, 16.11 ± 0.72, 13.23 ± 1.66 and 14.05 ± 1.24, respectively. About the plant height and trunk diameter variables were not significant differences among cultivars Bourbon, Palmer and Parwin (Table 1) , while "Tommy Atkins" showed increments of 3.25 cm in the trunk diameter between 48 and 58 MAT. These growth rates result primarily of vascular activity, which is strongly influenced by factors such as photoperiod, rainfall, nutrient availability and plants spatial distribution [28] .
For the trunk height variable (obtained from the ground level to the residue of grafting) observed the growth highest rates in production cycles I (2007/2008) and IV (2010/2011) for all cultivars. It was found in this Means followed by the same letter in the column do not differ by Tukey test at 5% probability. 1 8 2 1 2 4 2 7 3 0 3 3 3 6 3 9 4 2 4 5 4 8 5 1 5 4 5 7 6 case, a sigmoidal growth trend with fast incorporating in height, stabilization and recovery, which was not observed for the other growth curves that showed linear trends for the variables. After 59 MAT, the average trunks heights were 0.93 ± 0.07, 1.11 ± 0.12, 0.92 ± 0.12, 0.90 ± 0.09 and 0.83 ± 0.12 m for Bourbon, Haden, Tommy Atkins, Palmer and Parwin. In general, the five cultivars showed linear increase on the first insertion diameter (first branch) with increments of 5.04, 7.54, 6.09, 6.49 and 7.08 cm for the aforementioned cultivars respectively. The morphological changes on the parameters evaluated of increase terms about volume, mass, linear dimensions and structural units occurred due to the photoassimilates in the carbohydrates storage and production form such as structural material retained in the lignified tissues [26] . Despite low temperatures (<10˚C) occurred generally in July and August (Figure 1) , the plants growth continued over the four crop cycles, however, points out that as the mango trees are usually characterized by a slow vegetative growth in its juvenile stage and higher growth rates in adulthood [29] .
Growth and Flowering of Five Mango Cultivar under Subtropics Conditions of Brazil

OPEN ACCESS AJPS
The adjusted regressions represent the growth progression over the four production cycles, allowing to observe the growth pattern variations in the studied cultivars attributes (plant height, stem diameter, height and trunk diameter of first insertion) due the variability. The linear models were obtained for the trunk diameter and the first insert in all cultivars, while for plant height only "Parwin" was quadratic due to the imbalance between the vegetative and reproductive stages (Figure 3) , whereas this cultivar has a large number of panicles and fruit development in the reproductive phase which in turn decreases the reserves allocation to trunks and roots, which are used in the new vegetative growth fluxes. The mango trees flowering is an important physiological event that defines the beginning of the fruits production and according Ramírez & Davenport [25] it happens due to the existence of a flowering promoter synthesized in the leaves and translocated by the phloem to new sprouts. In the local climatic conditions, the onset of flowering found were: April to "Bourbon" (early), May to "Haden", "Tommy Atkins" and "Palmer" and in June to 'Parwin' (Late). Therefore, the end of flowering occurred in September for "Haden" and in October for the others, with an average duration respectively (57, 61, 75, 148 and 62 days). The Bourbon variety presented new inflorescences grown with panicles still under development, i.e., together with the fruit development, these new emissions were subjected to high humidity and infection especially for anthracnose (Colletotrichum gloeosporioides), and it needed a larger phytosanitary care.
The cultivars flowering culminated with low measured rainfall and temperatures (Figure 1) , and the pattern and duration of phenological development stages depends on environmental conditions and adaptation of each variety to specific environments [18, 28, 30] . The panicles number per cultivar varied between the evaluated cycles. In the first cycle, the largest mean differences were observed between "Parwin" (23.30) and "Bourbon" (5.88), while in the other production cycles, many inflorescences were observed in cultivar Bourbon (102.13, 109.38 and 301) with peaks in June and July ( Table 2) . In August (at the third cycle) there was a synchronization of panicles peak emergence due to the low rainfall that occurred between 28 and 30 months after transplanttation (MAT). The highest number of panicles was observed in the fourth cycle for all cultivars and, in this case the lowest values were obtained for "Palmer" and "Tommy Atkins", however, they were the best cultivars due to higher rates of fertilization.
Due to the great variability in panicles (inflorescences) morphological characteristics for all cultivars and four evaluated cycles (Table 3) , it was adopted as the reference lengths of 20 cm to "Bourbon" and 35 cm for the other cultivars to classification of large and small panicles. The panicles classified as large for Haden, Tommy Atkins, Palmer and Parwin were 17.00, 18.25, 18.12 and 13.37 cm respectively above the large Bourbon cv. panicles (23.38 cm), which in this case showed the smallest panicle diameter (5.65 mm). These results confirm the observations made by Mouco et al. [31] , who reported to Means followed by the same letter in the column and the class of panicle, do not differ by Tukey test at 5% probability.
the Kent cultivar in Petrolina (PE), average values of panicle length equal to 39.00 cm. Regarding the panicles development degree, it was observed that the number of secondary steam of the panicle also differed among the genotypes.
Haden and Bourbon cultivars showed the highest and lowest amounts of axis (46.40 and 29.00), while "Tommy Atkins" and "Palmer" did not differ in the panicles size ( Table 3) . Therefore they had significant differences in the number of fertilized ovaries and the extremes average was observed in "Haden" (249.8) and "Bourbon" (25.8) . It was found regardless of the panicles size that the largest number of hermaphrodite open flowers was obtained for Haden and Tommy Atkins cultivars.
The highest panicle dry mass were obtained in "Haden" (14.96 g) due to the high vigor and growth of these structural bodies, however, the largest panicles are susceptible of the flowers falls due to wind gusts. The mango is a fruit species that has low fertilization rate and the data have revealed this information. The highest and lowest rates of fertilization occurred in Palmer cultivars (28.05% and 48.93%) and Bourbon (0.76% and 1.82%) for panicle classified as large and small, respectively. It was found about 2159.7 and 2101.7 flowers (male, female and hermaphrodite) opened in Haden and T. Atkins.
According Siqueira et al. [32] , in general the major commercial cultivars have flowers around 1009 (between male and hermaphrodite). The mango cultivars normally differ in their floral and vegetative behavior, especially in relation to the duration of the juvenile stage when derived from inbred plants and grafted plants. The plants propagation from seed has a long juvenility period (ranging from three to ten years) [33] .
Correlations between panicles length and mass are in Table 4 , with slopes of 0.8542, 0.5906, 0.7362, 0.534 and 0.7565 for Tommy Atkins, Parwin, Haden, Palmer and Bourbon cultivars respectively, with correlation coefficients (r) greater than 0.7372 for all cultivars. The productive characteristics of five cultivars showed significant differences between production cycles, genetic materials, and the alternation of production ( Table 5) .
The Bourbon fruits did not show growth during the first cycle, however, the maximum fruits number in formation increased with plant age (8.00, 12.25 and 24.40), however, the number of fruits in the reproductive period did not persist until the harvest time (occurred between January and February).
They were harvested on average nine "Haden" fruits in the third and fourth cycle, however for this cultivar the highest yield was obtained in the second cycle (5339.61 kg•ha −1 ). The Palmer cultivar presented the harvest period from December to February (45 days) corroborating with Braz et al. [34] ) in Votuporanga, São Paulo state, Brazil, considering that it can be attributed to the warmer climate of the city, which is more favorable to the mango cultivation. The Parwin cultivar showed low fruit set when it comparing the number of fruits and maximum number of fruit formation. The maximum of harvested fruits was ), with harvests concentrated between December and February (45 days) and it was without alternation in the studied productive cycles. Carvalho et al. [35] reported production of 14,036 kg•ha −1 in 7 years old plants. This cultivar is considered one of the most planted in the country because it is productive, it has excellent shell color and good response to floral induction. In general, this cultivar in adulthood should produce an
